For women who have abnormal Pap test results, the biopsy under colposcopic evaluation is the gold standard for determining the treatment modality. To increase the effectiveness of colposcopic communication, the International Federation for Cervical Pathology and Colposcopy (IFCPC) recently published fourth new nomenclature, aiming to create an evidence-based terminology. To increase the diagnostic accuracy of colposcopy, multiple biopsies of two or more sites are recommended. Recently, with the introduction of human papillomavirus (HPV) vaccine for cervical cancer prevention, pre-cancerous diseases caused by virus types 16 and 18 have been reduced, which is expected to reduce the number of colposcopic examinations and make colposcopic diagnosis more difficult.
Introduction
In 2012, 527,600 individuals were diagnosed with and 265,700 died from cervical cancer worldwide, making it the fourth most frequently diagnosed cancer and the fourth leading cause of cancer death among women. In developing countries, it is the second most common cancer and is the third highest cause of death after breast and lung cancers [1] . However, the occurrence of cervical cancer has decreased by >80% over the past 40 years in high income countries that have good cervical cancer screening systems in place [2] . Such a decrease can be attributed to effective treatment of premalignant cervical lesions through Pap cytology and colposcopy performed nationwide on all women. In Republic of Korea, cervical cancer was the seventh most common cancer among women in 2014, with 3,500 women being diagnosed with cervical cancer, which represented an annual percent change (APC) of −3.7% in cervical cancer occurrence since 1999 [3] . When abnormal Pap test results are found, cervical conization was performed unquestionably in the past, but this has changed in recent times to determining the appropriate treatment modality based on the biopsy results via colposcopy. This has reduced indiscriminate cervical conization.
Colposcopy is used to determine the biopsy site in women who have abnormal Pap test results and, in an effort to increase the accuracy of colposcopic diagnosis and facilitate communication, the International Federation for Cervical Pathology and Colposcopy (IFCPC) recently announced fourth new nomenclatures based on revised colposcopic terminology. Since human papillomavirus (HPV) infection was identified as a key factor in the occurrence of cervical cancer, testing for HPV has been used for cervical cancer screening. In addition, an HPV vaccine was developed and has been used for cervical cancer prevention since 2006. Meanwhile, the accuracy of colposcopy has since been questioned due to issues associated with random biopsies and biopsy numbers. Accordingly, this article will discuss colposcopic terminology, accuracy of colposcopy, and the impacts of HPV testing and vaccination on colposcopy.
has been used since. Initially, it was used for clinical cervical cancer screening before the introduction of Pap cytology. In recent years, it has predominately been used for identifying the biopsy site for secondary histological diagnosis when abnormal Pap results are found. Direct biopsies via colposcopy have an important role in determining the treatment modality. The IFCPC has revised and published three editions of colposcopic terminology; in 1975, 1990 , and 2002. The current fourth edition was announced at the World Congress held in Rio de Janeiro, Brazil, on July 5, 2011 (Table 1 ). Notable revisions included that the terms "satisfactory" and "unsatisfactory" were replaced by "adequate" and "inadequate," respectively. In the current edition, colposcopy must test for the following three variables: 1) adequate or inadequate, with the reason given; 2) squamocolumnar junction visibility; and 3) transformation zone type. Moreover, the current edition also calls for additional descriptions on the size and location of cervical lesions, as well as descriptions on whether such lesions are located inside or outside of the transformation zone. For high grade lesions, 2 new major signs were also added; "inner border sign" (Fig. 1) and "ridge sign" (Fig. 2) [4] . A study that investigated the diagnostic value of these two newly added terms found their positive predictive value for cervical intraepithelial neoplasia (CIN) grade 2 or worse (CIN 2+) to be 98.3% and 94.7%, respectively [5] . Furthermore, the fourth edition unified and announced colposcopic terminology for the vagina for the first time ( Table 2) .
Accuracy of colposcopy
Although colposcopy has made an undeniable contribution to the treatment of cervical cancer, the diagnostic accuracy of colposcopy is still controversial. Accuracy issues arise from inconsistencies between visible changes in cervical epithelium and the severity of premalignant lesions [6] . The diagnostic sensitivity of high-grade CIN 2 or worse is reported to be 30%-70% [7] [8] [9] . It has been claimed that, to increase the diagnostic accuracy, the number of biopsies must be increased and random biopsies should be performed on areas with no Kyehyun Nam. Colposcopy and human papillomavirus signs of disease [9] . Colposcopic accuracy is associated with high sensitivity in high-grade lesions (Fig. 3 ), but it is much lower in low-grade lesions (Fig. 4) . Accuracy of colposcopy began to be questioned due to issues associated with biopsy numbers and random biopsies. Originally, diagnosis was made by performing a single biopsy on the most severe area found on colposcopy. However, performing a single biopsy on the worst appearing lesion can result in missing a third of precancerous findings [10] [11] [12] . Moreover, a study reported that increasing the number of biopsies can increase the diagnostic accuracy [10] . By increasing the number of biopsies from 1 to 2, and then from two to three, the precancerous lesion increased substantially. Therefore, biopsies are recommended for acetowhite areas, metaplastic regions, and areas with higher abnormalities; from at least 2 and up to 4 targeted sites from distinct acetowhite lesions. Random biopsy on areas that appeared to be disease-free in colposcopy found high-grade lesions in 13%-37% of the cases [9, 13, 14] . Some doctors have claimed that random biopsies should be chosen when performing histological examination via colposcopy, but current official colposcopy guidelines do not recommend random biopsy. Researchers have Fig. 1 . Inner border sign. The arrow points to the sharp demarcation between outer thin and inner dense acetowhite area that exists within the same lesion. Fig. 2 . Ridge sign. The arrow points to the opaque protuberance of an acetowhite lesion after application of 5% acetic acid within the transformation zone. recently published that random biopsies can detect significant diseases in cases with type 16 and 18 infections, even if the disease does not appear on colposcopy [14] . The lesion size of CIN 2 or 3 diagnosed by random biopsy are significantly smaller than lesions diagnosed by colposcopic directed biopsy and involve fewer quadrants of the cervix, associated with old age, low-grade cytology and other than HPV type 16 [9, 15] . Similarly, in an Atypical Squamous Cells of Undetermined Significance/Low-Grade Squamous Intraepithelial Lesion Triage Study by Sherman et al. [16] , CIN 3 that were missed on initial colposcopy involved very small lesions.
Colposcopy and HPV
The factor that had the greatest impacts on colposcopy is HPV. The hypothesis that HPV has an important role in the carcinogenesis of cervical cancer was presented in the 1970s by Herald Zur Hauzen, and involvement of HPV in the carcinogenesis of cervical cancer became an accepted fact in the 1990s through the distribution of molecular and biological proof. Based on this discovery, HPV testing is being used along with Pap cytology for cancer screening. In 2003, the US Food and Drug Administration (FDA) approved co-testing with traditional Pap cytology and HPV testing for cervical cancer screening [17] . Screening by cytology alone would require such screening to be performed every year but, by adding HPV tests for co-testing, the interval between screenings can be extended to up to 5 years. Moreover, HPV vaccination for the prevention of cervical cancer has been used in clinical settings since 2006. Dr. Hauzen received the 2008 Nobel Prize in Medicine as the discovery of import role of HPV in the carcinogenesis of cervical cancer. HPV testing has higher sensitivity than cytology, which offers the advantage of being able to detect early and smaller preneoplastic lesions. The impact that the introduction of HPV testing has had on colposcopy can be summarized into 3 major points. First, in the past, when abnormal pap results were found, colposcopy was performed right away. However, guidelines have recently been established that recommend that the presence of lesions should be determined in advance through HPV testing and colposcopy should only be performed when lesions will be detected likely. Moreover, conservative treatment is recommended for pregnant women or low-grade cytology cases. Through co-testing, the interval between screenings has been extended from the traditional interval of 1 year to 2-5 years. These changes have led to a decreasing trend in the number of patients seeking colposcopy [18] . Second, with the introduction of cervical cancer vaccination, premalignant cervical lesions associated with types 16 and 18 have also decreased. In Australia, since the introduction of HPV vaccination, women aged 12-26 years have shown a decrease of 34% in low-grade lesions and 47% in high-grade lesions at 5 years post-vaccination [19] ; similar results were also reported from Canada [20] . Third, recent studies have stated that colposcopic findings may vary according to HPV types. In particular, lesions related to type 16 are more definitive and larger than other types [21, 22] . Premalignant lesions of other types exhibit colposcopy findings that are less definitive and make diagnosis more difficult. It is believed that the introduc- Kyehyun Nam. Colposcopy and human papillomavirus tion of the vaccine would further reduce premalignant lesions related to type 16, making colposcopy even more difficult and reducing its usage.
Conclusion
With improved public health and hygiene and the introduction of HPV vaccination, cervical cancer and premalignant lesions have begun to decrease. A decreased number of patients requiring colposcopy has been shown to have an impact on colposcopy education, and thus, novel approaches for colposcopy education are deemed necessary. Moreover, biopsies on 2 or more sites are recommended to increase the accuracy of colposcopy. This year marks 10 years since the introduction of HPV vaccination. Since last year, girls turning 12 years of age have received free cervical cancer vaccination in Republic of Korea. In the future, premalignant lesions associated with HPV types 16 and 18 are expected to decrease even further due to cervical cancer vaccination. Lesions associated with HPV type 16 appear clearly on colposcopy, but as these lesions gradually decrease, the procedures of colposcopy are expected to become even more difficult.
